Objective: The goal of this study was to investigate the relationship between plasma levels of insulin-like growth factors-1 (IGF-1) and IGF-binding protein-3 (IGFBP-3) and the risk for cervical intraepithelial neoplasia (CIN) and cervical cancer. Methods: Plasma levels of IGF-1 and IGFBP-3 of 44 cervical cancer patients, 82 CIN patients and 40 neoplasm-free patients were investigated. Then the associations of the plasma levels of IGF-1 and IGFBP-3 with cervical neoplasm or its clinicopathologic parameters were analyzed. Results: The mean IGF-1 concentrations were significantly different among the control, CIN, and cervical cancer groups; the levels were higher in the CIN group compared to the controls. According to the quartile category, the plasma IGF-1 level was significantly higher (p=0.0015) in the CIN group than in the controls. The IGFBP-3 level showed no association between the controls and CIN groups (p=0.842). Although the mean IGF-1/IGFBP-3 molar ratio had borderline significance (p=0.08) among the study population, the quartile comparison showed a significantly higher IGF-1/IGFBP-3 molar ratio in the CIN group compared to the control group (p=0.041). Conclusion: Plasma levels of IGF-1 and the IGF-1/IGFBP-3 molar ratio might be useful for the development early detection of cervical lesions and used as an adjuvant diagnostic tool for cervical neoplasia after more larger scale research.
INTRODUCTION
It is well known that cells with accelerated rates of division and proliferation are predisposed to develop into cancer cells. 1, 2 Cell proliferation and apoptosis are especially important for the formation of certain neoplasia. The insulin-like growth factors (IGF) are multifunctional peptides that play a pivotal role in cell regulation. The IGF family consists of IGF-1, IGF-2 and several IGF-binding proteins (IGFBP). IGF-1 is a broadspectrum growth factor that has been shown to play an important role in regulation of cell proliferation, differentiation and apoptosis, and may thus be involved in the development of cancer; 3, 4 it acts in an endocrine, paracrine, and autocrine manner in many tissues, and has acute anabolic effects on protein and carbohydrate metabolism by increasing the cellular uptake of amino acids, and by stimulating glycogen and protein synthesis. 5 It acts as a mitogen by increasing DNA synthesis and stimulating the expression of cyclin D1. 6 IGF-1 also can stimulate the expression of Bcl proteins and the suppression of Bax, which results in blocking the initiation of the apoptotic pathway. 7 The action of IGF-1 and -2 is mediated by the IGF-1 receptor (IGF-1R). The type IGF-1R is a tyrosine kinase similar to the insulin receptor; it mediates the promotion of growth by binding to both IGF-1 and IGF-2. 8, 9 The IGF-1R affects several growth promoting functions. It stimulates mitogenesis in many different cell types and protects the cells from apoptosis. 10, 11 The receptor also plays an important role in the transformation of cells induced by viral proteins and oncogene proteins. 12 Previous studies have reported that overexpression of IGF-1R may be associated with certain aggressive tumors. 13, 14 IGF-1 interacts with its cell membrane receptor to influence various cellular activities. The bioavailability of the IGF family is regulated by IGFBPs. The IGFBPs are composed of six proteins; all IGFBPs have growth inhibitory effects. 15 The inhibitory effects are caused by competitive binding of the IGFs, No differences were noted between the benign controls and the CIN group, but significant difference in age was noted in the cancer group compared to the controls. *Patient's age at diagnosis.
and prevention of their binding to the receptor. More than 90% of the plasma IGF-1 is bound to IGFBP-3, the most abundant of the six different IGFBPs identified (IGFBP 1-6). IGFBP-3 has been shown to play a major role in the regulation of the interaction between IGF and IGF-1R; 16, 17 it modulates free IGF and inhibits its transfer from the circulation to tissues. The inhibitory effects have been shown to be both IGF-dependent and independent.
There are several lines of evidence that support a role for the IGF family in the development of neoplasia. The results from previous studies have shown an increased risk of cancer associated with high circulating IGF-1 levels, especially in cancers of epithelial and glandular origin such as the prostate, colon, breasts, and lungs. [18] [19] [20] [21] The finding of high IGFBP-3 levels appears to be associated with a decreased risk. [22] [23] [24] With regard to cervical cancer, it is a cancer of epithelial origin similar to other cancers with high plasma IGF levels. Thus, IGF may be involved in carcinogenesis of the cervix. There is some evidence that the IGF receptor is overexpressed in cervical cancers, and reports suggest that cervical cancer might be sensitive to IGF-1. 25 One study reported a positive correlation between high plasma IGF levels and squamous intraepithelial lesions. 26 Cervical cytology has been considered the primary screening method for early detection of cervical intraepithelial neoplasia (CIN) and cervical cancer. The measurement of the plasma concentration of IGF-1 and IGFBP-3 may be relatively easier and more convenient for patients that commonly have blood drawn at routine health examinations; this would likely be preferred to obtaining specimens for cervical cytology. IGF levels may be useful as biomarkers for the assessment of risk for CIN and/or cervical cancer. However, there is little research on the relationship between the IGF family and cervical neoplasias.
This study was performed to investigate the relationship between plasma levels of IGF-1 and IGFBP-3 and the risk for CIN and/or cervical cancer.
MATERIALS AND METHODS

Study population
One hundred and sixty six women that underwent surgery from November 2004 to May 2007, at the department of Gynecology at Ewha Womans University, Mokdong hospital, were included in this retrospective study. A control group consisted of 40 patients that were diagnosed with benign gynecological disease by pathology. The group with CIN consisted of 82 cases (40 cases of CIN II and 42 cases of CIN III), and the cancer group consisted of 44 cases of cervical cancer at a variety of different stages. Among all surgery cases during the study period, CIN cases and controls were selected if the patient agreed to sample collection during the study period. All participants signed an informed consent that explained the further use of blood samples and cervical tissues before donating the blood samples. The clinical and pathological data used for this study were collected by retrospective medical chart review. This study was exempted from approval of the Institutional Review Board, at the Ewha Womans University, Mokdong Hospital, because of its retrospective design.
Blood sample collection and analysis
From all participating women, a 10-mL blood sample was collected by venipuncture and added to a heparinized Vacutainer tube. The blood samples were centrifuged at 1,500 × g for 20 minutes. The plasma and Buffy coat were aspirated and stored separately at −70 o C. Plasma levels of IGF-1 and IGFBP-3 were measured using an ELISA kit from Diagnostics Systems Laboratories Inc. (Webster, TX, USA). All samples were tested in duplicate and the mean values of the patient's plasma IGF-1 and IGFBP-3 levels were determined. If differences between the two results were more than 10%, the test was repeated. In addition, the effects of HPV infection on the levels of the IGF family were studied by dividing the patients into HPV (＋) and HPV (−) groups and evaluating the levels of IGF-1 and IGFBP-3.
Statistical analysis
The ANOVA test was used to compare the variables between cases and controls. We used the plasma levels of IGF-1 and IGFBP-3 for the statistical analysis. The Spearman correlation coefficient was used to examine the relationship between the IGF levels and age. For evaluation of the IGF levels in cancer patients, we used the Mann-Whitney U test. We categorized their plasma levels into quartiles based on the distribution in control subjects and used the results for the analysis. The IGF-1/ IGFBP-3 molar ratio that was calculated from [(IGF-1×0.13)/ (IGFBP-3×0.035)] was also evaluated. The chi-square test was used to compare the variables between cases and control patients.
RESULTS
Characteristics of the subjects
The ages of the three groups are listed in Table 1 . The difference in age between the control and the CIN group was not significant (p=0.30); however, the patients were significantly older in the cancer group (p=0.008). The parity was 1.5±0.87, 1.69±1.09, and 1.97±1.42 in the controls, CIN and the cancer groups respectively; there was no significant difference among the three groups. Other factors such as smoking and the number of intimate partners were not evaluated in this study.
IGF-1 and IGFBP-3 levels among the study groups
IGF-1 and IGFBP-3 levels showed an inverse correlation with age both in the control group and the CIN group (Fig. 1) . The mean plasma IGF-1 levels were 184.9±74.6 ng/mL in the control group, 200±65.5 ng/mL in the CIN group, and 168.1± 72.4 ng/mL in the cancer group (p=0.048). However since the mean age of the cancer group was significantly greater than the control or CIN groups, the lower plasma IGF-1 level may be affected by age factor. The levels of IGFBP-3 were 3074.9±602.0 ng/mL, 3096.9±618.4 ng/mL and 2881.5± 699.9 ng/mL respectively (p=0.17). The results demonstrated a significant increase in the IGF-1 in the CIN group; however, there was no significant difference noted in the IGFBP-3 levels among the study groups (Fig. 2) .
IGF-1/IGFBP-3 molar ratio between the controls and CIN cases
The IGF-1/IGFBP-3 molar ratio was 0.059±0.018, 0.064± 0.017, and 0.057±0.019 in the controls, CIN and cancer groups (p=0.08), respectively; there was no significant association noted among the three groups (Fig. 2) . However, according to the quartile category, the molar ratio was relatively high in the CIN group (p=0.041). There were 64.6% (53 cases) of the CIN group above the 3rd quartile of the controls.
IGF-1 and IGFBP-3 levels among the study groups according to the quartile category
In the quartile category, the plasma IGF-1 level was significantly higher (p=0.0015) in the CIN group than the controls (Table 2 ). About 41.5% (34 patients) of the CIN group was in the 4th quartile group of the controls. The IGFBP-3 level showed no association between the controls and the CIN cases (p=0.842). As mentioned above, the age was significantly higher in the cancer group compared to the control and CIN groups. Therefore, the analysis based on the quartile category was performed only between the control and CIN groups.
IGF-1 and HPV infection
HPV testing was not performed in all patients, especially among the controls. Only 71 cases out of 82 patients in the CIN group and 34 cases out of 44 patients in the cancer group had HPV testing. We used Hybrid Capture 2 ® (Digene Corporation, Gaithersburg, MD, USA) assay method for HPV detection. In the CIN group, 54 patients had positive results, and their mean circulating IGF-1 level was 195.42±8.0 ng/mL. In the negative cases, the mean IGF-1 level was 220.21±18.4 ng/mL and the p-value was 0.16. In the cancer group, 26 patients were positive for HPV infections, and their mean plasma IGF level was 167.0±67.8 ng/mL; eight cases had negative results and their mean IGF-1 level was 170.6±52.8 ng/mL. There was no significant correlation identified (p=0.92) between the HPV infection status and IGF-1 levels. 
IGF-1 levels and cancer stages
The levels of IGF-1 were evaluated according to the cervical cancer stage and no correlation was noted between IGF-1 levels and the cancer stage (p=0.92) (Fig. 3) . During early stage disease (CIS-IA), the mean level of IGF-1 was 169.9±17.3 ng/mL (95% CI, 133.6 to 206.3), and for advanced stage disease (over stage IB), the mean level was 166.6±13.9 ng/mL (95% CI, 137.8 to 195.3).
DISCUSSION
The results of the current study showed that the plasma IGF-1 level and IGF-1/IGFBP-3 molar ratio were significantly associated with CIN, but had no significant association with cervical cancer. Elevated plasma IGF-1 and IGF-1/IHFBP-3 ratios were associated with the development of CIN; although it is not clear whether increased plasma levels of IGF-1 and IGF-1/IGFBP-3 were the cause or the result of CIN.
The insulin-like growth factor family was first isolated and sequenced in 1978. The "Insulin-like growth factors" were named after their primary structure that resembled proinsulin. 27 These factors play an important role in human growth and maintenance of homeostasis, and recently their involvement in carcinogenesis has been recognized. IGF presumably plays an important role in carcinogenesis by regulating the growth of cancer cells and by interacting with cancer related molecules; this has been confirmed by several cell culture experiments. 28 Many epidemiological studies have shown that IGF-1 levels were higher in cancer patients with sarcoma, leukemia, prostate, colorectal, breast, liver, and uterine cancers. Animal experiments have shown that over-expression of IGF-1 increases the tendency for tumor development. 29 Previous studies have demonstrated some relationship between IGF-1 and cervical cancer; however, such results have been inconsistent. One study proposed that IGF-1 was associated with cervical cancer growth in vitro; however, another study found no association between high plasma IGF-1 levels and cervical cancer. 30 Another study reported that low values of IGF-1 might be associated with cervical cancer. 31 However, Wu et al. 26 found a strong dose-dependent correlation with the IGF-1 level and squamous intraepithelial lesions of the cervix including cervical cancer. The results of this study showed that circulating IGF-1 levels were significantly correlated with CIN. As previously reported, IGF-1 stimulates cell proliferation by influencing DNA synthesis and cyclin D production; it can suppress apoptosis by interacting with Bax and Bcl genes. In addition, IGF-1 might promote angiogenesis by effecting vascular endothelial growth factor production. 32 Therefore, the circulating IGF-1 level was higher in the CIN group than in the control cases.
Our study showed that IGF-1 was not associated with cervical cancer. These results can be explained by the following. First, age was an important factor associated with the IGF-1 levels.
The levels of circulating IGF-1 change with age. 33 They increase from birth to puberty, and decrease after puberty. The results of this study were consistent with these prior findings.
Since the mean age was significantly higher in the cervical cancer group compared to controls and CIN cases, age may have affected the plasma IGF-1 levels. Second, there are likely to be many alterations not yet revealed in the microenvironment during carcinogenesis, thus these alterations may affect the circulating IGF-1 levels in patients with cervical cancer. Our study has limitations in that plasma IGF levels may be affected by body mass index, diet, physical activity, and menstrual status, which are potential confounders of the case control study comparing plasma IGF levels. A large cohort of cases and controls should be recruited to be able to demonstrate a clear relationship between IGF variables and cervical neoplasia.
IGFBP-3 appears to have a protective effect against carcinogenesis in several cancers. One study reported that plasma levels of IGFBP-3 in patients with cervical cancer were significantly lower than in the control group; however, the levels returned to normal following cancer treatment. In addition, IGFBP-3 down-regulated growth factors in vitro in cervical cancer. 34 A former study revealed that the plasma IGFBP-3 was significantly higher in groups with squamous intraepithelial lesions than in controls; however, after adjustment for IGF-1, no correlation was observed with the IGFBP-3 levels. 26 In the present study, we could not find any relationship between cervical neoplasia and the plasma IGFBP-3 levels. IGFBP-3 is a binding protein, and can play a dual role. As stated above, IGFBP-3 inhibits cell growth and accelerates apoptosis in both an IGF-dependent and IGF-independent manner. However, in an environment with a high IGF-1 concentration, IGFBP-3 can enhance the effect of IGF by presenting and releasing IGF-1 for interaction with the receptor, while protecting the receptor from down-regulation by exposure to a high IGF-1 concentration. 35 It is well known that HPVs are involved in the carcinogenesis of cervical cancer. 36 Persistent infection with HPVs has been identified as a major risk factor for cervical cancer and CIN.
However, only a small portion of persistently infected women will develop cervical cancer. Therefore, there are likely several interacting factors that influence carcinogenesis leading to cancer of the cervix. Both the viral factors, as associated with HPV infection and the humoral factors, similar to those associated with the IGF family influence cell proliferation, are resistant to apoptosis and cancer development. Immortalization of HPV-infected cervical squamous epithelial cells is a major factor in the carcinogenesis of cancer of the cervix. It may be initiated by inactivation of cell cycle regulatory p53 and retinoblastoma genes by HPV E6 and E7 genes. Thus, this may trigger the up-regulation of growth factors, such as IGF or the epidermal growth factor. 37 The results of this study showed no relationship between IGF levels and HPV infections. The association between HPV infections and IGF levels has not been extensively explored in cervical neoplasia. One study found no association with the mRNA expression of IGF-1 and HPV infection status; 38 however, another study revealed that cervical cells transduced with high-risk HPV E6 and E7 genes in cell cultures had an 85-fold increase in IGFBP-3 levels. 39 Theoretically, high levels of IGF-1 may affect HPV infection and vice versa; however, there are no studies that have found a positive correlation between HPV infection and plasma IGF-1 and IGFBP-3 levels, including our study. Therefore, further study will be needed to determine the relationship between HPV infections and the IGF family. According to our results, plasma levels of IGF-1 and the IGF-1/IGFBP-3 molar ratio were not associated with cervical cancer, but demonstrated significantly higher levels in the CIN group compared to the control group. Therefore, these factors may be involved in the progression from normal to precancerous lesions of the cervix. In the future, plasma levels of IGF-1 and the IGF-1/IGFBP-3 molar ratio may be useful as early detection markers, or as an adjuvant diagnostic tool or prognostic marker in patients with cervical neoplasia.
In conclusion, the results of this study show a positive correlation between IGF-1 and IGFBP-3 plasma levels and CIN. Larger studies are needed to assess the role of the IGF family in the development of cervical neoplasia.
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